In order to study the streaming motions of miras in the Solar neighborhood, we newly surveyed 379 red variables in the SiO maser lines at 42.821 and 43.122 GHz with the Nobeyama 45m radio telescope. Accurate radial velocities were obtained for 229 (220 new) detected stars. The sample is selected from optical variables found by new automated surveys: the Northern Sky Variability Survey and the All Sky Automated Survey. The new sample consists of the "bluer" objects compared with those observed in the previous SiO surveys. The distances to the objects are estimated using the period-luminosity relation, and they are mostly less than 3 kpc from the Sun. The longitude-velocity diagram reveals three prominent groups of stars deviant from the circular Galactic rotation with a flat rotation curve. In addition to the Hercules group of stars which was studied before, we found two new deviant groups: one toward the Perseus arm and the other toward the Sagittarius arm. These two groups both exhibit anomalous motions toward the Galactic center, which seem to be consistent with the noncircular motions of these spiral arms found in the recent VLBI proper-motion measurements for maser gas clumps.
Introduction
Moving groups are clumps of stars sharing the same spatial motion in the Solar neighborhood. They are often considered to be a fossil, which keeps past dynamical information after its birth in the Galaxy. The coherent spatial motions of the moving groups are well studied in the past based on the Hipparcos and the RAVE (the Radial Velocity Experiment; Zwitter et al 2008) databases (see Famaey et al. 2005) . In particular, the Hercules group of stars, which was first identified by O. J. Eggen (see a summary by Eggen 1996) , is a well studied moving group with rotational lag and outward motion of about 40 km s −1 and 50 km s −1 , respectively, to the Galactic rotation. It is inferred that a few percent of stars in the Solar neighborhood are members of this group (Bensby et al. 2007 ). The origin of the Hercules group is attributed to a rotational resonance of the bar-like Bulge, because the population of stars of this group is a mixture with different ages (Bensby et al. 2007 ). Feast & Whitelock (2000) investigated an outward motion of short-period Mira variables near the Sun, and attributed it to the resonance effect of the Bulge bar. Presumably the Hercules moving group, which was found in the Solar neighborhood, spreads spatially far from the Sun. Deguchi et al. (2010) found that a group of maser stars in the Galactic longitude range between 20
• and 40
• , which are located at a few kpc from the Sun, have a distinctively large outward motion compared with the motions of usual stars under the Galactic rotation. They also attributed the large outward motion to the effect at the outer Lindblad and corotation resonances of the central bar. The resonance effect of the Galactic bar should appear in areas near the resonance circles in the Galactic plane. In particular, the old stars with ages several times longer than the rotational period of the bar pattern reflect the resonance effect. Therefore, miras are ideal sample for studying the bulge-bar resonance effect because they are evolved stars with ages of about a few Gyr. In contrast, tidal streams of dwarf galaxies, e.g., the Sgr dwarf stream (for example, Majewski et al. 2003) , are often traced in a relatively limited area of the sky far from the Galactic plane because of their low stellar density, though they still have been found in the Galactic disk using blue metal-poor stars (e.g., Belokurov et al. 2007) .
Radial velocities of OH and SiO maser sources have been used to investigate dynamics of stars in the disk (Jiang et al. 1996; Nakashima & Deguchi 2003; Ita et al. 2001 ) and the bulge of the Galaxy (Izumiura et al. 1995; Sevenster et al. 2001) . These maser stars are mostly miras and semi-regular variables, i.e., O-rich evolved stars at the asymptotic-giant-branch (AGB) phase, though a [Vol. , small amount of red supergiants are contaminated in the sample. Previous surveys of these stars by OH and SiO maser lines were preferentially made for the highly reddened, optically very faint stars because of their high detection rate in a color-selected sample (for example, see Deguchi et al. 2004) . These stars are located at relatively large distances in the Galactic disk, compared with a sample of optical miras. Therefore, optical miras in the Solar neighborhood are missing in the previous samples of maser sources [e.g., Nakashima & Deguchi (2003) ; Deguchi et al. (2007) , except Jewell et al. (1991) ]. Even though radial velocities have been obtained for a large number of optical miras by optical spectroscopy, the accuracy in the measurement is quite limited. For example, if we compare the radial velocity of a mira in the RAVE database with that of OH or SiO masers, we often find typically a 10 km s −1 or much larger difference between them. This is caused by several reasons: insufficient spectral resolution in optical instruments, phase dependency of optical line velocities on mira pulsation (see, e.g., Scholz & Wood 2000) , and a velocity shift of the optical lines due to scattering by moving circumstellar dust (van Blerkom & Mao 1982) . It is known that the stellar velocities obtained in the maser line measurements are accurate within ∼ 2 km s −1 [e.g., see section 3.1 of Nakashima & Deguchi 2006] . Therefore, it is useful to measure the radial velocities of optical miras in the Solar neighborhood in SiO maser lines even if optical velocities are available for some stars. Moreover, the accurate radial velocities of miras in the Solar neighborhood by the maser observations are essential to see if the deviant stream is continuously connected with the stream that is found previously in a large extension of the Galaxy (Feast & Whitelock 2000; Deguchi et al. 2010) . In addition, since precise measurements of proper motions will be available by the phase-reference VLBI technique for SiO maser sources (Kobayashi et al. 2008) , accurate 3d motions in space will reveal in future for these objects.
In this paper, we present the result of a new survey of the optical red variables in the SiO maser lines with the 45m telescope at Nobeyama. A number of new variable stars were recently found by automated optical variability surveys: the Northern Sky Variability Survey (NSVS; Woźniak et al. 2004 ) and the All Sky Automated Survey (ASAS; Pojmanski et al. 2005) . Though these newly found optical variables are much bluer in near-infrared (NIR) colors (such as H − K) than the typical SiO maser sources previously surveyed, they exhibit the characteristic optical variability of miras. Since the bluer color indicates the higher surface temperature and smaller mass loss rate of the central star in general, the detection rate of SiO masers was expect to be very low for such a sample. However, contrary to our expectation, our preliminary survey made in 2009 resulted in a significantly high detection rate of SiO masers. Therefore, we have performed a new extensive observation in the SiO maser lines toward these red variables, and have increased the data of our SiO radial velocity database. In this paper, we present the result of the observations and give a limited discussion on the kinematic properties of this sample, based mainly on the radial velocities. For all of the sampled stars, propermotions have been measured optically (Roeser et al. 2010) . A kinematic study based on the proper motions will be given in the future paper.
Observation, sample selection, and results

Observation
The observations were made with the 45m radio telescope at Nobeyama in March, 2010 March-May, and 2010 December-2011 January in the SiO J = 1-0 v = 1 and 2 transitions at 43.122 and 42.821 GHz, respectively. A few data taken before 2009 were also added for the present analysis. A cooled HEMT receiver (H40) was used for the 43 GHz observations with acousto-opt spectrometer arrays with 40 and 250 MHz bandwidths (with velocity resolutions of about 0.3 and 1.8 km s −1 , respectively). The system temperature was about 180 -250 K for the SiO observations, depending on weather conditions. The halfpower beam width (HPBW) of the telescope was about 40 ′′ at 43 GHz. A conversion factor of the antenna temperature to the flux density was about 2.9 Jy K −1 . All of the observations were made by the position-switching mode. Further details of observations using the NRO 45-m telescope have been described elsewhere (see Deguchi et al. 2000) . The spectrometer arrays also covered the SiO J = 1-0 v = 0 and v = 3 lines at 43.424 GHz and 42.519 GHz, respectively, the 29 SiO J = 1-0 v = 0 line at 42.880 GHz, and H53α at 42.952 GHz. However, these lines were detected in a few sources (shown in Appendix 1).
Sample selection
The sample for the present SiO maser searches was chosen mainly from the "Catalog of Red Variables in the Northern Sky Variability Survey" (Williams et al. 2004) . Because the coverage of this survey is heavily weighted on the northern Galactic plane, we used an additional optical catalog of red variables selected from the "ASAS Variable Stars in Southern Hemisphere" (Pojmanski et al. 2005) . These two catalogs listed up the red variables found in automated sky surveys. They give period of optical light curve, classification code, optical magnitude and amplitude, coordinates of the stars with accuracy better than 10 ′′ , and 2MASS and IRAS identifications. From these catalogs, we selected the objects with a classification code of "M" (mira) or "SR+L" (semiregular 1 and irregular variables) and with a period longer than 80 d [which covers enough for SiO maser stars at the short-period limit (∼ 150 d)]. Additionally, we applied the selection criteria to effectively squeeze out the stars enshrouded by circumstellar dust; K < 9, and H − K > 0.6, the 12 µm flux density brighter than 3 Jy, and the color −0.5 < C 12 [≡ log(F 25 /F 12 )] < ∼ 0.2, where H and K are 2MASS H and K s magnitudes, respectively (Cutri et al. 2003) , and F 12 and F 25 are the IRAS flux densities in the 12 and 25
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The variability type, "semi-regular", is applied to the variables with smaller amplitude, shorter periods, and more irregular pulsations than miras; some occasionally show multiple periodicity (Bedding & Zijlstra 1998) . µm bands, respectively (Beichman et al. 1989) [the MSX bands C and E (Egan et al. 2003) were also consulted for the |b| < ∼ 6
• sources. We applied the same criterion in C 12 by translating log(F E /F C ) to C 12 without any correction, where F C and F E are MSX 12 and 21 µm flux densities. Detailed comparison of the MSX colors with those of IRAS (Sjouwerma et al. 2009) showed that the correction is negligibly small around C 12 = −0.4 (see their Figure 4) ]. All the objects in the present sample are optically identified variable stars. These are supposedly latetype (AGB or post-AGB) stars surrounded by a dust envelope with a color-temperature range between 250 and 1200 K (they are the stars with a thin dust envelope in region II and IIIa of the mid-IR two-color diagram of van der Veen & Habing 1988) . The stars cataloged as a carbon star in the SIMBAD database are excluded from the sample. Furthermore, we selected a few bright objects for backup observations in a bad weather condition. They are slightly bluer sources in H − K and in C 12 but have not been surveyed before. We added these additional objects to our results for completeness. We have observed all the red variables in the Williams et al. (2004) 's catalog down to F 12 = 7 Jy (though we could not consume all the bright objects in the ASAS catalog). The distribution of the observed stars in the sky is shown in Figure 1. 
Results
Observational results are summarized in Tables 1 and 2 for the SiO detections and no detections, respectively. The observed spectra of the SiO J = 1-0 v = 1 and 2 transitions for detected sources are given in Appendix 1, and the individually interesting objects are also discussed there. Table 3 summarizes a few detections in the additional lines of SiO, i.e., the 28 SiO v = 3 and v = 0 J = 1-0 and 29 SiO v = 0 J = 1-0 transitions [the spectra are shown in Appendix 1]. Table 4 summarizes the infrared properties of all the observed sources. Figure 2 shows the near-and middle-infrared colormagnitude diagrams for observed stars. we can recognize that the present sample is weighted toward bluer colors than the previous SiO maser survey samples; for example, the median of H − K for the present sample is 0.72, while it is 1.09 for the former sample, and the median of C 12 in the present sample is −0.29, while it is −0.16 for the former sample. In addition, the objects in the present sample are much brighter in K band than those in the previous samples. It suggests that the average distance from the Sun of the sampled stars is much smaller than that of the previous SiO-survey samples with a typical distance of ∼ 4 kpc. The detection rate of SiO masers is quite high (∼ 80 %) for the objects that are bright in the 12 µm and K bands, but gradually decreases as the infrared flux density decreases. Beyond K = 5, the number of no detections exceeds that of detections because of the large distance to the sources. Such a high SiO detection rate in SiO maser emission was an unexpected result, which apparently does not match up with the blue colors of the sample. However, this apparent discrepancy could be explained for the following reasons. In the previous SiO surveys, the variability indices of the IRAS catalog were not considered in the selection criteria (except Jiang et al. 1996) . Therefore, the samples could include young steller objects (YSOs) and red giants (RGB stars) which may mimic IR colors of the AGB stars , but do not emit SiO masers. On the contrary, the present sample is selected from the optically visible variable stars. It assures that they are stars in the AGB or post-AGB phases exhibiting active mass loss. Figure 3 shows a histogram of period for the detections and no detections. The averaged period is 424 (±158) d for the detections and 347 (±192) d for the no detections, where the parenthetic number is a standard deviation. The SiO detection rate seems to increase with period, as has been found in the past surveys (e.g., see Figure 3 of Deguchi et al. 2004 riod less than 200 d occasionally exhibit a large deviant motion from the Galactic rotation (Feast & Whitelock 2000) . However, above 4 objects (distributing in the Galactic longitude and latitude ranges of l = 46 -110
• ) spread only in the velocity range between −16 and 25 km s −1 . Therefore, we do not find any anomalous kinematics for these 4 objects only from their radial velocities.
We estimated distances to the observed stars based on the PL (Period-Luminosity) relation (Whitelock et al. 2008) . The detail of the distance estimation is given in Appendix 2. Figure 4 shows histogram of distances for the detections and no detections. This figure indicates that most of objects in the sample are located within a distance of 3 kpc from the Sun except a few faint ones, though there is a considerable uncertainty in the distance estimation. The average distance is 2.0 (±1.1) kpc for the detections, and 2.2 (±2.5) kpc for the no detections.
Discussion
Longitude-velocity diagram
In Figure 5 , we present the longitude-velocity diagram of the detections, in which filled and unfilled circles indicate the galactic latitude ranges of |b| < 10
• and |b| > 10 • , respectively. Thick curves indicate the expected radial velocities for the objects under a circular rotation at distances, 1, 2, and 4 kpc from the Sun. Here we assumed a flat Galactic rotation curve of 220 km s −1 in the Solar neighborhood and the Sun-Galactic-center distance of 8 kpc. We have also drawn the broken curves which are expected for the Hercules and Arcturus moving groups of stars near the Solar neighborhood (at the distance of 1 kpc). For simplicity, we assumed that the rotational lag and radial motion of the streams to the Galactic rotation are kept the same everywhere near the Solar neighborhood. The curve for each moving group strongly depends on the assumed velocity law: see, for example, Figure 8 and Appendix 3 of Deguchi et al. 2010) .
In Figure 5 , we see notable concentrations of the stars with |b| < 10
• near the curve of 4 kpc distance; one around l = 25 -45
• and V lsr ≃ +40 -+80 km s −1 , and the other around l = 95 -135
• and V lsr ≃ −70 -−40 km s −1 . In addition, there is a group of stars in the area l = 20 -50
• and V lsr ≃ −80 -−20 km s −1 , which is deviant from the Galactic rotation by more than ∼ 50 km s −1 . These deviant groups of stars are surrounded by ellipses in Figure  6 for clarity. They are overlaid on the CO l-v map (Dame et al. 2001) for comparison.
The negative velocity feature around l = 20 -50
• (V lsr ≃ −80 -−20 km s −1 ) has been discussed extensively by Deguchi et al. (2010) . This is likely an extension of the Hercules moving group of stars, which is caused by outer Lindblad resonance of the Galactic bar structure. Bovy (2010() predicted that the member stars of the Hercules moving group would reveal most promisingly in the Galactic longitude range of 250
• < ∼ l < ∼ 290
• . Unfortunately, stars in this longitude range are difficult to observe from Nobeyama except for stars at high Galactic latitudes. Furthermore, SiO maser sources (Orich evolved stars) are not populated much outside the Solar circle (e.g., Jiang et al. 1996) . Therefore, it is hard to confirm such a prediction through only the present discussion based on the longitude-velocity diagram.
Perseus group of deviant stars
One of notable characteristics of Figure 5 is that a considerable number of objects exhibit radial velocities larger than that expected from the 2 kpc distance; many stars fall around or beyond the curve of the 4 kpc distance. Because the objects in the present sample are optical variables which are bright in K band (K < 4), most of these are to be close to the Sun, i.e., their distances are smaller than 3 kpc. This discrepancy between the luminosity and kinematic distances is discussed below. Figure 6 compares the distribution of the SiO sources with that of CO emission. The concentration of the points seen in the area of l = 95 -135
• and V lsr ≃ −70 -−40 km s −1 coincides with a peak of CO emission feature for the Perseus spiral arm (see Dame et al. 2001 ). CO emission is most prominent at around l = 111
• and V lsr = −45 km s −1
(toward the NGC7538 molecular cloud). The average distance for the 18 objects in the ellipse of figure 5 (marked as Perseus) is estimated to be 1.94 kpc (with a standard deviation of ±1.10 kpc) based on the period-luminosity (PL) relation. There is a large difference between the kinematic and luminosity distances for this group of stars. If we believe the luminosity distance, the stars of this group are approaching us with velocity larger than the velocity expected by the standard circular rotation of the Galaxy. Note that the SiO maser sources have a velocity dispersion of about 25 km s −1 from the average Galactic rotation [see the discussion in the last paragraph of Appendix 2 of Deguchi et al. (2005) ].
The distance to the Perseus spiral arm was controversial in the past (Rickard et al. 1968; Roberts 1972) . Recently parallax distances to the several masing objects in this spiral arm have been measured with Very Long Baseline Interferometric (VLBI) technique. For example, the distance to W3(OH) (l = 134
• ) is determined to be 1.95 ± 0.04 kpc (Xu et al. 2006) . A comprehensive summary of the objects with annual parallax measurements is found in Figure 11 of Asaki et al. (2010) , which visualizes positions and peculiar motions of several objects in this spiral arm. The Perseus spiral arm exhibits a systematic deviation from the circular rotation by a ∼30 km s −1 in the longitude range l = 90 -150
• . Since the 18 red variables toward the Perseus arm exhibit a similar kinematic characteristic, we conclude that these variables are associated with the Perseus spiral arm. An average period of the 18 red variables in the Perseus arm is 423 (±109) d, which is longer than the average period of field optical miras of about 300 d (Whitelock et al. 2000; Templeton al. 2005 ). This fact indicates that they are relatively massive stars compared with the field miras. For example, the initial mass of AGB stars with P=420 d is about 2.5 M ⊙ with age of 0.9 Gyr (see, e.g., Figure 20 of Vassiliadis & Wood 1993) . Thus, the red variables in the Perseus arm has not left far from the birth place.
Sgr group of deviant stars
As well as the Perseus spiral arm, we may consider a possibility of association of another deviant group at l = 25 -45
• and V lsr ≃ +40 -+80 km s −1 with the SagittariusCrux arm. The average distance and period of 21 stars in this group (the upper ellipse noted as Sgr group in Figure  6 ) are 2.58 (±0.99) kpc and 489 (±160) d, respectively. Notable structures in this direction in our Galaxy are the Local Spur (D ∼ 0-2 kpc), the Sagittarius-Carina spiral arm (D ∼ 2 -3 kpc), and the Scutum-Crux arm (D ∼ 3-5 kpc). It is possible that the Local Spur is a down stream branched from the Sagittarius-Crux arm. The branching to the Local spur seems to start near the tangent of the Sagittarius-Crux arm at l ∼ 55
• . In the l-v diagram (see the overlaid color map of figure  6 ), 12 CO emission is very weak around (l, V lsr ) ∼ (30 • , +60 km s −1 ), except in the direction of the HII region G34.257 + 0.155. This is also true for the 13 CO map (Lee et al. 2001) . The kinematic distance of the HII region G34.257 + 0.155 was estimated to be 3.8 +0.4 −0.8 kpc (Fish et al. 2003 ) from the HI absorption feature assuming the standard circular rotation. Recently the annual parallax distance was measured with VERA for the nearby infrared dark cloud, G034.43 + 00.24 (Kurayama, et al. 2011 ). The distance to the H 2 O maser sources in this dark cloud is ∼ 1.56 ± 0.12 kpc, which is considerably smaller than the kinematic distance of this cloud. Because the radial velocity of this cloud (V lsr ∼ 50 -60 km s −1 ) is similar to that of the HII region G34.257 + 0.155, the distances of G34.257 + 0.155 may be overestimated. It is also likely that our deviant group of stars, which has a similar radial velocity in the same direction, is likely to be in the same spiral arm. Therefore, we call this group as the "Sgr" deviant group because the average luminosity distance of the stars in this deviant group is close to the estimated distance of the Sagittarius arm at l ∼ 30
• . 3) kpc for their new rotational parameters), but the parallax distance of this object is 3.19 kpc, which locates this objects very near the far arm in this direction (the Scutum-Crux arm; see figure 5 of Reid et al. 2009 ). Another two source, G35.2−0.7 and G35.2−1.7, have much smaller radial velocities ( V lsr = +28 and +42 km s −1 ), for which the parallax distance roughly agrees with the kinematic distance (2 -3 kpc). From these facts and the 1.6 kpc distance of the dark cloud G034.43 + 00.24 (Kurayama, et al. 2011) , we conclude that the spiral arm in this direction has a complicated velocity structure and a large noncircular motion.
The exceeding velocity of the Sgr group of stars to the galactic rotation suggests either (1) that these stars move faster than the rotational velocity given by the flat rotation curve, or (2) that these stars move toward the galactic center (this inward motion causes the radial velocity increase in this direction). Because the directions of these two motions appear in opposite sense in the proper motion, VLBI observations of proper motions of objects in Sagittarius arm can be a good test of above cases.
Because the average period of this star group (∼ 480 d) is considerably large compared with the average period of optical miras, they are relatively young objects compared with the field miras. Therefore it is likely that these stars are born in the Sagittarius arm and do not completely depart from this arm yet.
Correction in the distance for long-period miras
Optical and infrared properties of the candidates for the deviant groups are summarized in Table 5 ; it gives the 2MASS name, period, variability type, R magnitude, R amplitude of the variability, 2MASS K s magnitude, error in the K magnitude, quality flag for the K magnitude, luminosity and kinematic distances. It involves a few stars with low photometric quality in the K band in the 2MASS catalog. These objects have relatively large distances compared with the average value of each group. Therefore the small average luminosity distances for these two groups of stars are not due to the objects with poor photometric accuracy.
In the previous sections, we used the PL relation which was derived from the photometric measurements of the miras with periods between 100 and 400 d (Whitelock et al. 2008) , and extended the linear relation to the longer period up to 1000 d. However, it has been known that some miras with P > 400 d, especially for OH/IR sources, lie above the linear extrapolation of the PL relation (e.g., see Feast 2009 ). This may cause an error in the distance estimation for the deviant group of stars. Therefore, we also applied the different PL relation for the stars with P > 400 d, which was derived from the longer period miras in the Large Magellanic Cloud (LMC) (Ita & Matsunaga 2011) . The detail of this correction was described in Appendix 3. The corrected distances (applied for all of P > 400 d stars) are given in parenthetic number in the 8th column of Table 5 . In this case, the average distance is 2.2 (±1.3) kpc for the Perseus group of stars, and it is 3.5 (±2.1) kpc for the Sgr group of stars, where the parenthetic number is the standard deviation. Therefore, such correction does not influence much for the distance estimation for the Perseus group, but it increases the average distance considerably for the Sgr group, because the latter group involves many stars with P > 400 d. It is likely that the Sgr group of stars involve several very long period (P = 730 d) stars, which contaminate this sample. If we remove the 4 stars with P = 730 d, which is the upper boundary as a result of insufficient data in the NSVS survey (Williams et al. 2004) , the average of the corrected luminosity distances of the Sgr group of 17 deviant stars is 2.6 (±1.2) kpc. The average of the kinematic distances of this reduced set is 3.5 (±0.7) kpc. The Student t-test gives a probability of 2 % for these two averages being produced by the same distribution function. In other words, with 98% confidence level, we can state that the average distances of these two sets are significantly different. In table 6, we summarized the average distance and standard deviation, and the t probability of the Student's t-test for the Perseus and Sgr (with smaller number) groups. In summary, the discrepancy between kinematic and luminosity distances for the Perseus and Sgr groups of stars are not removed by the correction in the distance for the P > 400 d, though evidence is slightly weak for the case of the Sgr group. The present conclusion strongly depends on the luminosity distance based on the PL relation. Further examination on the accuracy of the distances will be given in the future paper, which also discuss the validity of the optical proper motions for these objects.
In this paper, we have given a preliminary analysis based on the obtained new radial velocities for a set of optical red variables, and have shown that they provide useful information on the kinematic of the stars in the Galaxy.
Summary
We have observed 379 red variables in the SiO maser lines, obtaining 229 (220 new) detections. Accurate radial velocities of the detected sources are used for investigating the kinematics of stars in the Solar neighborhood. Most of the observed stars locate within 3 kpc from the Sun according to luminosity distances. The longitudevelocity diagram of the sample shows high number densities of stars in two regions. The estimated luminosity distances suggest that these groups of stars spatially collocate with the Perseus and Sagittarius spiral arms. The result of the VLBI parallax measurements of the objects in these spiral arms seems to be consistent with the present data. However, at the current moment, the number of objects observed with VLBI is too small to conclude the membership of objects to the Galactic spiral arms except for the objects in the Perseus arm. In addition, we found a group of stars deviated by more than 40 km s −1 in a Galactic longitude range of 20-40 • , which are likely to be members of the Hercules moving group. Proper motion data are essential to reveal the 3d motions of these stars, and the discussion based on the optically obtained proper motions will be given in a forthcoming paper.
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Appendix. 1. SiO maser spectra and short notes on individual objects
We show the SiO maser spectra (the J = 1-0 v = 1 and 2 transitions) for detections in figures 8a-8m. We also show the spectra of other SiO maser transitions in figure 8. Individually interesting objects are noted as follows.
• J02201452 + 7845362 (=AG Cep): This is a relatively bright IRAS source with F 12 = 34.1 Jy. H 2 O maser emission has been detected at V lsr = 0.2 km −1 (Lewis 1997) , which is considerably shifted from the SiO radial velocity V lsr = −28 km s −1 measured in the present paper. OH maser searches have been negative (Nguyen-Q-Rieu et al. 1979; . The large velocity difference of about 30 km s −1 between H 2 O and SiO maser lines suggests that this object is likely a water fountain source (Imai 2007 (Chen & Chen 2003) . Searches for the 86.2 GHz SiO and 88.6 GHz HCN emissions with the IRAM 30m telescope were negative (Groenewegen et al. 2002) . However, we detected SiO masers in this star at V lsr = −63 km s −1 . This result suggests that the LRS feature is a silicate absorption at 10 µm typically seen in oxygen-rich evolved stars.
• J03542359+1601019 (=UY Tau) (Ritter & Kolb 2003) . But this is in fact a faint mira (Kazarovets et al. 2002) , and the status is corrected in the later version of the catalog of cataclysmic binaries [see on line version of Ritter & Kolb (2003) ]. 3 This is a faint IRAS source (F 12 = 3.7 Jy), but SiO masers are detected at V lsr = −37.8 km s −1 in the present paper.
• J20125796+3214563 (=V557 Cyg): This star has an extreme radial velocity of V lsr = 53.4 km s −1 at l = 70.4 • in SiO masers. OH and H 2 O masers have been detected for this star . The longitude-velocity diagram ( Figure 6 ) shows that several other stars also have similar (but slightly lower) radial velocities: J20074663+3117241 (V lsr = 43.9 km s −1 ) and J20021291+3057556 (V lsr = 31.8 km s −1 ). These three stars fall in a circle of 3 degree diameter, and the estimated distances are between 1.5 and 2.3 kpc (though the other two stars also fall near there in Figure 6 , their distances are much larger). Because of their Galactic longitudes (l ∼ 70 • ), it is likely that these stars are not associated with the Sagittarius spiral arm. They move faster than the Galactic rotation by about 50 km s −1 .
• J20195560+8816277 (=X UMi): This star is interesting for its location very near to the celestial north pole. We detected SiO masers at V lsr = −88.9 km s −1 ; it is unusual as a star at the Galactic coordinates (121.1 • , 26.5 • ); see Figure 5 . This star is located near the edge of the Polaris flare cloud in the local spur (Heithausen & Thaddeus 1990) . The distance to this flaring cloud is not very far from the Sun, possibly less than 0.5 kpc (V lsr ∼ −3 km s −1 ). But this star is far away from the CO cloud because the distance is estimated to be 2.6 kpc. The pulsation period of this star is 338 d, and the 2MASS Ks magnitude is 4.3. IRAS 12 micron flux is 5.3 Jy with a color index C 12 = −0.37. The spectral class is M8-9 (Gigoyan & Hambaryan 1996) . Therefore, It is likely that this is a deviant star in the Perseus arm, but not a star in the Local spur.
Appendix. 2. Distance estimation using the Period-Luminosity relation
We estimated the luminosity distance from the observed K magnitudes using the Period-Luminosity (PL) relation (Whitelock et al. 2008) ,
The uncertainty of this formula is approximately 0.15 mag for the miras with a period between 150 and 400 d (Whitelock et al. 2008 ).
The correction for stars with P > 400 d will be discussed in Appendix 3. The observed K magnitude can be corrected for the interstellar and circumstellar reddening (see equation (1) of Fujii et al. 2006 )
where we use A K /E(H − K) = 1.44 (Nishiyama et al. 2006) , and (H − K) 0 is given by the empirical relation (Catchpole 1992) . Then, we can compute the distance from the difference between corrected and absolute K magnitudes, Kc and
(4) Figure 4 is a histogram of the derived distances using PL relation for the SiO detections and no detections. About 80% of the objects are at the luminosity distances below 3 kpc. Accuracy of the obtained luminosity distance depends on two factors: reliability of the measured pulsation period and errors in the average K magnitude for a variable star. To check the reliability of the periods given by the NSVS catalog, we have cross-correlated the NSVS periods with those of the SVS catalog. Though the two periods derived from the NSVS and SVS catalogs coincide well for the medium-period objects (P < 600 d) in general, the coincidence becomes worse for the longer period stars. Therefore, we have to be careful to derive the distance based on the period given by the NSVS catalog. The present sample involves not only miras but semi-regulars too. Though 75 percent of stars in the present sample are of the variability type of mira, 20 percent of stars are of semiregular type and 5 percent of stars are of other type (the latter two types are noted by symbols " †" and " ‡" in the second column of table 4). Moreover, some miras with SiO masers occasionally exhibits a pulsation in a first overtone mode . Although it has been argued that semi-regulars may follow to a P -M K relation different from miras (for example, Bedding & Zijlstra 1998), the current understanding attributes this phenomenon to the multiplicity of pulsation modes (Tabur et al. 2010) . For a certain percentage of stars with P < 250 d follows to the P -M K relation with almost the same slope but approximately one magnitude brighter than the standard sequence of the P -M K relation (sequence C in a P -M K diagram; Ita et al. 2004; Tabur et al. 2010) . However, in the present analysis, we have used the single P -M K relation (1) for all of the observed stars, and estimated the distances. This is because it is hard to specify the pulsation mode for a particular star with P < 250 d whether or not it is of higher overtone modes. Fortunately, the SiO detection rate rapidly decreases for stars with a period below 250 d. Furthermore, semi-regulars have a low SiO detection rate (∼ 13 % in the present semi-regular sample; see also Alcolea et al. 1990) . In the present sample, only 18 stars with P < 250 d were detected in all the 229 SiO detections. Therefore, the error in the distance in the SiO detection sample is not severe. For the 18 Perseus group of stars, no semiregular was involved. For the 21 Sgr group of stars, one semiregular with P = 351 d, which is likely in the sequence C, was involved. Therefore, the multiplicity of the P -M K relation for the short period variables does not affect the discussions made in section 3.
The K-band amplitude of pulsation reaches to 0.8 magnitude for miras (Whitelock et al. 2008) . The 2MASS Ks magnitude, which was measured at a single epoch, may differ from the average value in a pulsation period by about 1 mag [e.g., figure 11 of Messineo et al. 2004] . Furthermore for bright stars with K < 4, the 2MASS magnitude involves relatively large uncertainty (up to 0.4 mag) (Cutri et al. 2003) . Therefore, we deduce that the derived luminosity distance may involve uncertainty of a factor of about 2 for individual objects. However, we expect that the uncertainty do not produce severe systematic shift in the distance scale and the average value for a certain number of stars is meaningful. Therefore, we believe that the uncertainty of the distance do not mislead the discussion made in the present paper. Appendix. 3. Distance correction for the stars with P > 400 d.
It has been argued that the long-period variables with a period longer than 400 d lie systematically above a linear extrapolation of the PL relation of the miras with 100 < P < 400 d [see a nice summary on this problem given by Feast (2009)] . Whitelock et al. (2003) concluded that all the luminous stars found by the early investigation of Hughes & Wood (1990) in the Large Magellanic Cloud (LMC) follow an extrapolation of the PL relation except a few stars under the Hot Bottom Burning (HBB) stage. Because Lithium is overabundant in many OH/IR (and SiO maser) stars (García-Hernández et al. 2007) , it is very likely that the present sample of SiO maser sources is contaminated by the luminous HBB stars. Therefore, we re-estimated the distances of stars introducing the PL relation with a steeper gradient at P > 400 d. We use for stars with P > 400 d,
and
These equations are derived based on the JHK band observations of the long period variables in the range 2.6 < log(P ) < 2.95 in the LMC (Ita & Matsunaga 2011) . The apparent H and K magnitudes in LMC are converted to M K with a distance modulus of 18.5 for LMC. Because the circumstellar extinction is negligibly small for these LMC O-rich stars at log(P ) < 2.95 in their study, the linear fits of H and K against log(P) in their paper represent the H and K magnitudes without extinction. Therefore, the difference between the H and K linear fits directly gives (H − K) 0 . The uncertainty of the linear fit in K is deduced to be about 0.36 mag (if we assume the deviation in K is the same as that in the LMC; Ita & Matsunaga 2011 ). From the above equations, we can compute the final correction factor for the distance for the stars with P > 400 d as
where D Lc and D L are the corrected luminosity distance for P > 400 d and the luminosity distance given in Appendix 2 (equation 1), respectively. The correction factor increases up to about a factor of 2 for P = 850 d. We gave the corrected distance for the Perseus and Sgr groups of stars in parenthetic number at the 9th column of table 5. The histogram of the luminosity distances in the present sample, which is corrected for all of the P > 400 d stars, is shown in Figure  7 .
The PL relation for the P < 400 d stars does not exhibit a significant offset between the LMC and our Galaxy (Whitelock et al. 2008) . Therefore it is reasonably expected that, for the longer period stars (P > 400 d), the same relation holds both in the LMC and in our Galaxy, except for a special environment such as the Galactic center (e.g., Ortiz et al. 2002 A full version of this paper including Figure 8a -8m, and Figure 9 (SiO maser spectra for detections) are available at http://www.nro.nao.ac.jp/∼lib pub/report/data/no680.pdf. 
